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(71). We, Farbenfabriken Bayer Aktiengeseixschaft, a body corporate 
organised under the laws of Germany, of Leverkusen, Germany, do hereby declare 
the invention, for which we pray that a patent may be granted to us, and the method 
by which it is to be performed, to be particularly described in and by the following 
5 statement: — 5 

The present invention relates to the production of orpno-silicon compounds, 
and especially to die production thereof by die known addition reaction of organo- 
silicon compounds containing silicon-bound hydrogen to those organic compounds 
in which an aliphatic double bond exists between at least one pair of adjacent carbon 
10 atoms, which addition reaction proceeds according to the scheme : 10 

— Si— H+C=i --ii--C!— <!:— H 
III III 

This invention is an improvement or modification of the invention which is des- 
cribed and claimed in our British Patent Application No. 24919/68 (Serial No. 
1170888). . ^ 

15 It is known to carry out the above reaction with heating and to use catalysts in 15 

order not to^ be compelled to increase the temperature too high because of the risk 
of decompositions and side-reactions. The catalysts at present generally used in in- 
dustry for this purpose are platinum on carrier materials^ or compounds of platinum. 
In the latter case the platinum has the oxidation state +4, as in PtCloHa and in com- 

20 plex compounds derived therefrom, or the oxidation state -1-2, as in the complexes 20 
of PtCIa with unsaturated hydrocarbon compounds. In a number of cases the use of 
these platinum catalysts does not lead to satisfactory results. For example, in the 
addition reactions of those polysiloxanes which contain three or more Si-bound 
hydrogen atoms in one molecule, they bring about elimination of hydrogen resulting 

25 at least in a substantial reduction of the yields and even in cross-linking of the siloxane 25 
leading to gel formation. Only platinum deposited on a carrier, for example aluminium 
oxide, would be more advantageous in this case, but the resulting heterogenety of 
the reaaion mixture leads to considerable difiBculties in metering, distribution and 
conducting of the reaction. 

30 - ^ ^^J^ Application No. 24919/68 (Serial No. 1170888) a new catalyst is des- 30 
cribed which does not exhibit the disadvantages mentioned above and whidi consists 
of hexametiiyl-dipyridinc-diplatinum-diiodide of tiie formula : 



[Price Ss. Od. (25p)] 
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This compound has special advantages when a polysiloxane, containing diree or 
more Si-bound hydrogen atoms in each molecule, is to be modified with certain car- 
bon compounds, for example with allyl glycidyl ether. With the previously known 
catalvsts which are soluble in the reaction components, the amounts of hydrogen 
eliminated from the HSi compounds are so substantial that t^?e ^ondcmsa- 
don taking place with an increase in viscosity and with cross-hnkmg results at least 
in a considerable loss in yield of the desired reaction products and, m the case ot 
high-polymeric siJoxanes, eventually in a complete cross-hnking resulting in a gel, me 
latter occurs, for example, when hexachloroplatinic acid is used. . c u 

Although hexamethyl-dipyridine-diplatinum-diiodidc exhibits a number of sub- 
stantial advantages in comparison with previously used catalysts, it is not completely 
satisfartory in those cases where the organo-hydrogen-sOoxane lo be r^cted a)niains a 
fairly large amount of H-siloxane units, for example eight — SiH(CH,)--U-- umts. 
It has been found that the temperature range in which the reaction proceeds with 
sufficient speed, but without elimination of hydrogen or gelling and consequently with 
good yicW, becomes progressively narrower with the increase m size of the naoiecuie 
of die methylhydrogen-polysiloxanes. The consequent difficulty of controlling the tem- 
perature makes the necessary supervision and control difficult and cosdy. 

It has now been found diat diis disadvantage is obviated or reduced by a modih- 
cauon of the above-mentioned platinum catalyst according to No, 24919/68 

(1170888). ... 

The invention provides a process for the production of an organo-sihcon com- 
pound by die addition of a hydrogen-silane or -siloxane to an olcfinically-unsaturated 
organic compound in die presence of a catalyst, wherein trimediyl-dipyridme-plau- 
num-iodide of the formula : 



(CH,)BPt(C,H,N),I 

is used as catalyst. ^ 

This catalyst makes possible the use of a greater temperature range for success- 
fully carrying out die reaction so that die risk of gelling, due to over-heating of die 
reaction mixture, is substantially reduced. In addition (contrary to what appears from 
the production instructions in ''Journal of die Chemical Society", London, 1951, 
pages 299 to 302) this catalyst can be obtained in a simpler manner and widi larger 
yields dian the complex platinum compound used according to No. 24919/68 
(1170888) and, to attain a given space/time yield in a continuous process, only 
approximately half as much platinum is required as is required in the process accord- 
ing to No. 24919/68 (1170888). However, die advantages .of die latter process are 
retained, including die homogenous solubility m die reaction mixture, the very slight 
activity at room temperature and the extensive inertness as regards undesired reaaion 
possibilities of Si-bound hydrogen, for example widi water, C-bound hydroxyl or 
epoxy groups. 

The amount of the catalyst is generally widiin the range from 0.1 to 50 mg per 
kilogram of reaction mixture. ^ ^ 

A temperature between 100 and 200°C is generally required for rapid and com- 
plete reaction. In each indwidual case, die temperature may depend on die structures 
of die reaction components and can be determined by experiment. In any case, vir- 
tually no reaction takes place at room temperature or at a slightly elevated tempera- 
ture, so that it is possible to prepare a stable homogenous mixture of all die com- 
ponents, including die catalyst, and to cause the reaction to proceed at any time by 
heating. This is especially advantageous in diose cases where, by means of the addi- 
tion of a silicon compound containing dircc or more Si-bound hydrogen atoms, liquid 
olefinically substituted organo-polysiloxanes are to be converted into cross-linked, for 
example rubber-elastic, solid mouldings or coatings. 

Since die addition reaction proceeds to a large extent exodiermally, care must 
be taken sufficient to eliminate the reaction heat in order to prevent over-heating. This 
can be achieved by starting with one of the reaction components, expediendy together 
with die catalyst in order to maintain! a high concentration of the latter from the 
beginning, and, after heating this mixture, slowly adding the odier reaction compo- 
nent or, in a continuous process, by pouring bodi components simultaneously and in 
stoichiometric proportions into a reaction vessel from whidi the reaction product is 
continuously discharged, the dimensions of the reaction vessel being devised in accor- 
dance with the rate of flow to ensure the necessary elimination of heat. 

In die last-mentioned case, die solubility of the catalyst according to the inven- 
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tion, which can be admixed with one of the reaction components, is of special advan- 
tage in that no metering diflSculties arise. 

The following Example illustrates the invention 

Example 

Into a heatable reaction vessel of 30 litres capacity the contents of which are 
continuously kept at a temperature of 175°C while being thoroughly mixed by means 
of a circulating pump, the following reaction components are fed cold and at an even 
rate: 

11.7 kg of a polysiloxane of the formula : — 



10 



10 



15 



and 



with an average value of n=8, 

22.9 kg allyl glycidyl ether in which, per kilogram, 
23 mg trimethyl-dipyridine-platinum iodide are dissolved. 



The over-flowing product is continuously passed through a film evaporator in which 
it is liberated at 170°C/20 mm Hg from excess allyl glycidyl ether. As discharged 
liquid there are hourly obtained 28.4 kg of a polysiloxane which corresponds, accord- 
ing to analysis and infra-red spectrum, to the formula 



15 



9^ 
CH^ 



0 -'CH^-'CH^Cfi^ 



20 



25 



30 



35 



with an average value of n=8. 

In ^is way, six experiments were carried cut, each lasting 24 hours. In not one 
of these experiments was an undesirable increase in viscosity or gelling observed. 

These results may be contrasted with the following control experiments in which 
as catalyst hexamethyl-dipyridine-diplatinum-diiodide was used, 
(a) With the same proportions of the two reactants as m the Example, die amount 
of the catalyst was 1.95 mg for each kg aUyl glycidyl ether and consequently the 
same Pt content was maintained in the ether as according to the Example. To 
start the reaaion, the temperature had to be raised to 195°C; this had the con- 
sequence that the reaction mixture gelled after a short time. 
Six further control experiments were then carried out with double the amount 
of catalyst as compared with experiment (a). In this case the temperature re- 
quired amounted to 185^C. The result of four of these experiments was the same 
as that according to the Example; however, due to chance over-heating, in the 
other two experiments the reaction mixtures gelled as in experiment (a). 

WHAT WE CLAIM IS; — 

1. A process for the production of an organo-silicon compound by the addition 
of a hydrogen-silane or -siloxane to an olefinically-unsaturated organic compound in 
the presence of a catalyst, wherein trhnethyl-dipyridme-platinum-iodide of the for- 
mula : — 



(b) 



20 



25 



30 



35 



40 



(CH3)aPt(C^.N)2l 



is used as catalyst 



40 
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2 A process as claimed in claim 1 wherein the reaction is effeaed at a tem- 

P"TA?:;c«s'£iTS dain. 1 « 2 wherein ^^."^^y^J^/^-^Z"^ 
one of the?eactants is heated, and the other reactant is gradually ^^ded w Ae mixn^^^ 

4 A process as claimed in claim 1 or 2 wherein stoichiomctnc amounts of the 5 
reaaanis md catalyst are poured simultaneously and conunuoi^ mto a reaaion 

vessel and the reaction product is continuously dischaiged therefrom. 

5 A process as claimed in any of claims 1-4 whercm the catalyst is used in 
an amount from 0. 1 to 50 me per kg of die reaction mixtures. 

an amount trcra ai to 3 gP^^^^ ^„ organo-sUicon compound, substantially 10 

"'TA?<jfgatSS 'compound, whenever produced by a process as claimed in 
any of claims 1 — 6. 



For the Applicant, 
CARPMAELS & RANSFORD, 
Chartered Patent Agents, 
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